KAWASAKI D et al.
went bypass surgery or bidirectional angioplasty via a popliteal or tibial artery approach. We excluded patients who underwent hemodialysis or who had a popliteal artery lesion, a below the knee lesion or a re-stenotic lesion. We compared the fluoroscopic time and total radiation exposure dose between IVUS-guided EVT without contrast media and matched cases of patients from our database of conventional IVUS-guided EVT with contrast media performed during same study period. Matching criteria included: (1) identical diseased segment; (2) identical TransAtlantic Inter-Society Consensus-II (TASC-II) classification; (3) similar sized reference vessel; and (4) similar lesion length. The control group (20 patients) met the matching criteria for lesions.
This study was approved by the institutional ethics committee, and written informed consent for the procedure was given by each patient. Aspirin and cilostazol or ticlopidine were started 48 h before the procedure and continued during the follow-up period in all patients.
Preprocedural Evaluation
Initially, we evaluated physiological function routinely with the ankle -brachial index (ABI) and duplex examination, which included assessment of the flow wave pattern and extent of occlusive disease in the iliac and/or femoral arterial segment. When abnormal physiological findings were observed, we identified the target lesion by its duplex flow wave pattern and MRA without contrast media. The extent and distribution of calcification in the arterial wall was evaluated with the use of plain CT, because this is very important information for successful crossing of occlusive lesions with the guidewire (Figure 1) . None of the patients in this series underwent a preprocedural examination that used contrast media, such as CT angiography, MRA or X-ray arteriography with catheters.
Treatment
All procedures were performed with patients under local anesthesia. EVT of iliac stenotic or occlusive lesions was performed with a retrograde approach from the ipsilateral common femoral artery (28 cases; 88%) or an antegrade approach from the contralateral common iliac artery (4 cases; 12%) using a 6Fr sheath. Ipsilateral common femoral arterial cannulation was performed under duplex guidance. EVT of superficial femoral stenotic or occlusive lesions was performed with an antegrade approach from the ipsilateral common femoral artery (if the proximal superficial femoral artery had none or mild atherosclerotic lesion: 3 cases; 16%) or with an antegrade approach from the contralateral common femoral artery (if the proximal superficial femoral artery had moderate or severe atherosclerotic lesion: 16 cases; 84%) using a 6Fr sheath. After sheath insertion, 5,000 units of heparin were administered.
For iliac and/or femoral occlusions, a 0.018-inch Treasure 12 (Asahi Intec, Nagoya, Japan), hydrophilic-coated PTA guidewire was used to cross the CTO lesions with the help of a 20-MHz, 2.9Fr phased-array IVUS catheter (Eagle Eye™ Gold, Volcano Corp, Rancho Cordova, CA, USA), a catheterbased technology that enables us to locate the tip of the guidewire in the occluded vessel. We have already reported that this IVUS catheter can be used with the 0.018-inch guidewire, although it was originally designed for a 0.014-inch guidewire. 5 When the IVUS showed that the tip of the guidewire was located in the endoluminal space of the occluded vessel, we advanced the guidewire further. When the IVUS 
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demonstrated that the tip of the guidewire was located in the subintimal space or side branch of the occluded vessel, we drew back the guidewire and IVUS catheter to the endoluminal space, and tried to repenetrate the endoluminal space under IVUS visualization (Figure 2 ). This operation was repeated until the guidewire crossed the occlusive segment. When the guidewire and IVUS catheter could not be advanced into the occlusive lesion because of insufficient back-up force or severe calcification, we advanced a straight, peripheral, 6Fr guide catheter (Mach 1™, Boston Scientific, Natic, MA, USA) after dilatation of the occluded endoluminal space with a 3.0-mm balloon. 5 In the case of iliac and/or femoral stenotic lesions, we advanced a floppy guidewire under IVUS guidance through the stenotic lesion.
After the stenotic or occlusive lesion was crossed and recanalized by a guidewire, the diseased segment was then balloon-dilated. When plaque dissection or recoil caused a stenosis of 30% or more, stents were implanted under IVUS guidance. After stents were deployed, additional balloon dilations were attempted in all cases. Finally, the expansion and apposition of the stent struts against the vessel wall over the entire length of the stent were evaluated with IVUS.
Postprocedural Evaluation and Follow-up
Arterial duplex scanning, ABI and the serum level of creatinine were routinely examined before hospital discharge. Patients were advised to schedule outpatient follow-up visits for clinical evaluation and arterial duplex scans and ABI within the first month after discharge and every 3 months thereafter.
Definitions
Renal insufficiency was defined as <60 ml · mim -1 · 1.73 m −2 , which is the estimated glomerular filtration rate (eGFR) according to the formula recommended by the Japanese Society of Nephrology.
Technical procedural success identified as a decrease of less than 10 mmHg in the systolic gradient from the popliteal artery to the abdominal aorta measured with a multipurpose catheter, 6 and Doppler of the dorsal or posterior tibial artery are possible hearing. Procedural time was calculated from the time of cannulation of the sheath to removal of the sheath. In-hospital complications were defined as vessel perforation, clinically detectable lower extremity or visceral embolization, pseudoaneurysm, arteriovenous fistula, and hematoma of the femoral puncture site. An adverse event was defined as death, stroke, amputation or repeat-EVT.
Statistical Analysis
Statistical analysis was performed with StatView 5.0 (STATVIEW II, Abacus Concepts, Berkeley, CA, USA). Results are expressed as mean ± SD. The unpaired Student's t-test was used to compare values before and after treatment. A P value less than 0.05 was considered statistically significant. Values are number or mean ± SD. eGFR, estimated glomerular filtration rate. Chronic total occlusion 8
Stenotic lesion 24
Femoral artery 19
Chronic total occlusion 11
Stenotic lesion 8
Values are given as number. TASC, TransAtlantic Inter-Society Consensus.
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Results

Immediate Result
Baseline clinical, lesion, and procedural characteristics are summarized in Tables 1-3 . Serum hemoglobin A1c concentrations in this study population varied from 5.0% to 10.2% (average, 6.5±1.4%). The eGFR in these patients ranged from 5.0 to 39.7 mg/dl (average, 27.5±9.2 ml · min -1 · 1.73 m −2 ). Immediate technical success without using contrast media was documented in all cases.
Procedural and Fluoroscopic Times, and Radiation Exposure Dose
The procedural time varied from 40 to 120 min (mean, 65± 22 min); 49±5 min for stenotic and 92±12 min for occlusive lesions. Fluoroscopic time varied from 4.5 to 59 min (mean, 17±13 min); 10±5 min for stenotic and 27±15 min for occlusive lesions. Radiation exposure dose varied from 55 to 1,865 mGy (mean, 434±373 mGy); 301±162 mGy for stenotic and 659± 507 mGy for occlusive lesions (Figure 3) . There was no significant difference between IVUS-guided EVT without contrast media and conventional IVUS-guided EVT with contrast media for any of these parameters. Figure 4A shows the serial changes in ABI during the study period. Mean ABI increased from 0.59±0.23 to 0.92±0.14 (P<0.01) immediately after EVT. The increase in the ABI value immediately after EVT was maintained for 3 months (0.92±0.14 and 0.90±0.16, respectively). Figure 4B shows the change in serum creatinine concentration during the follow up period. The mean serum creatinine concentration pre-and postprecedure and 3 months after treatment did not change (2.1±1.4, 2.0±1.4, 2.1±1.6 mg/dl, respectively). One of the patients required hemodialysis after the procedure because of deterioration in diabetic nephropathy.
Changes in ABI Pre-and Postprocedure and 3 Months After Treatment
Change in Serum Creatinine Concentration Pre-and Postprocedure and 3 Months After Treatment
Procedural Complications In-Hospital and Follow-up Adverse Events
Wire and catheter manipulation in the aorta and its branches did not cause clinically detectable lower extremity or visceral embolization in this series. Pseudoaneurysm, arteriovenous fistula or hematoma did not occur as a result of the femoral puncture ( Table 3 ). The mean duration of follow-up in these patients was 9.9±4.3 months (range, 4-17 months). Table 4 shows the adverse events in-hospital and during the followup. There were no postprocedural deaths, strokes or amputations in this series. Because of deterioration in critical limb 
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ischemia during the follow-up period, 2 patients underwent repeat-EVT using contrast material for below the knee lesions.
Discussion
The approach to preprocedural evaluation and EVT described here is particularly advantageous for patients who are at increased risk of developing CIN because of diabetes mellitus and/or preexisting chronic renal insufficiency. 7,8 CIN may develop in 8-31% of diabetic patients who receive intravenous injection of contrast media. 7-9 Although most of these patients will return to preprocedural renal function levels, they may have delayed hospital discharge, a series of blood tests, and noninvasive studies, as well as specialty medical consultations. Although the indication for EVT for iliofemoral artery disease has expanded and the outcome is favorable for long-term patency, 10,11 mortality in the chronic phase is high and CIN is thought to be 1 of the causes. Similarly, worsened renal function was detected in 42% of patients with preexisting chronic renal failure, and some required hemodialysis treatment. 12 Moreover, CIN occurred in more than 30% of diabetic patients with azotemia. 8 Once CIN has developed, only supportive care is currently provided until renal function resolves; infrequently, hemodialysis may be required, either transiently or even permanently. Although a previous report indicated that periprocedural hemofiltration starting before the procedure and continuing for 24 h after the procedure may decrease the incidence of CIN in high-risk patients, 13 this approach has not yet been widely adopted in clinical practice. Therefore, at present the main method of tackling this complication is prevention. Although several prevention strategies have been investigated extensively in recent years, 4 none is optimal for preventing CIN as yet. A recent guideline recommended intravenous volume expansion, the use of low-or iso-osmolality contrast media, and limitation of the volume of contrast media used. 14 We believe that the best way to avoid deterioration of renal function is attempting preprocedural evaluation and EVTs without any contrast media at all. In the current study, contrast media was not used during the procedure. Even for the preprocedural evaluation, the target lesion was identified by its duplex flow wave pattern and MRA without contrast media. Evaluation of calcification was performed with plain CT without contrast media. Therefore, no patients in this series had worsened renal function after the procedure.
IVUS-Guided EVT
The advent of modern, small, ultrasound transducers capable of delivering high-quality images of the atherosclerotic arterial wall and lumen facilitated our technique. Moreover, the solid-state electronic phased-array system, which was used in the current series, can be easily advanced to the distal segment compared with other systems that incorporate a single-element transducer mounted on the tip of a shaft rotating within a short monorail imaging sheath. As previously reported by our group, this IVUS system can be used not only to identify the exact location and severity of the occlusive lesion, but also to precisely measure the extent of the lesion. 5 Standard X-ray guidance of balloon angioplasty provides faster advancement of guidewires and catheters during the intervention because the fluoroscopic image encompasses a wider field. IVUS guidance, with its known limited cross-sectional view, requires slower advancement of guidewires and the IVUS catheter, because of the uncertain visualization and position of the guidewires, at least during the learning curve period. In the current study, the procedures were performed by 3 attending interventional cardiologists, although most 
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procedures were performed by the first author (D.K.). However, there was no difference in success rate, procedure time, fluoroscopic time, and radiation exposure dose among the 3 operators. There might be an inverse relation between physician caseload and procedure-related complications, procedure time, and fluoroscopic time. The average times for the IVUS-guided EVT did not exceed those previously reported in the literature. Furthermore, there was no difference in fluoroscopic time and radiation exposure dose between the IVUS-guided EVT without contrast media and conventional IVUS-guided EVT with contrast media. Although a cine loop has to be taken frequently to confirm if the tip of the guidewire is positioned in the correct position within the occluded segment for conventional EVT with contrast media, the guidewire can be advanced with IVUS guidance without taking a cine loop using our proposed new technique. In this manner, balloons and stents can be selected according to precisely measured parameters. Angiography frequently under-or overestimates the severity and extent of atherosclerosis because angiography records only silhouetted longitudinal images of the vessel lumen and cannot reflect the complex eccentric nature of coronary artery disease. Theoretically, 2 orthogonal angiograms should accurately reflect the severity of most lesions, but adequate orthogonal views are frequently unobtainable. On the other hand, IVUS allows detailed, high-quality, cross-sectional imaging of the coronary arteries in vivo, which enables accurate measurement of coronary artery dimensions. Previous studies have reported a discrepancy in the degree of stenosis between coronary angiography and IVUS, stating that only 6.8% of angiographically normal reference segments were free of any plaque. 15 Thus, angiography may underestimate lesion length in diffusely diseased coronary arteries. IVUS enables assessment of the exact extent of the atherosclerotic plaques to be treated with stents. During subintimal EVT with fluoroscopic guidance, the guidewire is advanced through the occluded vessel on the basis of an imagined trajectory of the corresponding artery and anatomical knowledge. Because the lumen of the distal reconstituted artery is visualized only during contrast injection, it is not surprising that the wire may be directed to the adjacent parallel side branch or even outside the arterial wall based on the fluoroscopy image. Conversely, IVUS-guided EVT allows constant real-time monitoring of the guidewire's location in the occluded arterial segment. The guidewire was not advanced to the distal segment and drawn back to the proximal segment when the IVUS image showed that the guidewire was located in the subintimal area. Only when the IVUS showed that the tip of the guidewire was located in the endoluminal space of the occluded vessel, did we advance the guidewire further. This operation was repeated until the guidewire crossed the occluded segment. Therefore, with the use of this technique the length of arterial segment to be ballooned and stented was shortened, because the distal non-occluded segment was not dissected with the guidewire.
Study Limitations
First, this study was a single center study with a relatively small study population. Second, the total cost might be higher with the current method than with conventional methods, because duplex examination, CT, and MRA are mandatory for preprocedural lesion evaluation. Third, some potential complications, including distal embolization and arterial spasm, may not be able to be detected with the current method. In our opinion, duplex scanning at procedure completion is mandatory to assess the adequacy of the technique and to document the expected hemodynamic improvement.
Conclusions
Our comprehensive EVT that includes duplex, MRA, and CT for preprocedural evaluation and an IVUS-guided procedure is feasible and may avoid intra-arterial contrast injection in selected patients deemed at high risk for renal failure from nephrotoxic contrast material. Caution should be exercised with IVUS-guided EVT until more data are collected. Meanwhile, patients who are severely allergic to contrast media or have renal insufficiency may benefit from our proposed approach.
